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Abstract

Maternal smoking is captured on the 2003 US Standard Birth Certificate based on self-reported
tobacco use before and during pregnancy collected on post-delivery maternal worksheets. Study
objectives were to compare smoking reported on the birth certificate to maternal worksheets and
prenatal and hospital medical records. The authors analyzed a sample of New York City (NYC)
and Vermont women (n = 1,037) with a live birth from January to August 2009 whose responses
to the Pregnancy Risk Assessment Monitoring System survey were linked with birth certificates
and abstracted medical records and maternal worksheets. We calculated smoking prevalence and
agreement (kappa) between sources overall and by maternal and hospital characteristics. Smoking
before and during pregnancy was 13.7 and 10.4 % using birth certificates, 15.2 and 10.7 % using
maternal worksheets, 18.1 and 14.1 % using medical records, and 20.5 and 15.0 % using either
maternal worksheets or medical records. Birth certificates had “almost perfect” agreement with
maternal worksheets for smoking before and during pregnancy (x = 0.92 and 0.89) and
“substantial” agreement with medical records (x = 0.70 and 0.74), with variation by education,
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insurance, and parity. Smoking information on NYC and Vermont birth certificates closely agreed
with maternal worksheets but was underestimated compared with medical records, with variation
by select maternal characteristics. Opportunities exist to improve birth certificate smoking data,
such as reducing the stigma of smoking, and improving the collection, transcription, and source of
information.
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Introduction

Smoking before and during pregnancy can lead to reduced fertility, poor pregnancy
outcomes, and adverse infant health [1]. Estimates of smoking prevalence are critical for
guiding policies and evaluating smoking cessation programs. Birth registration systems,
operating in 57 state, local, and territorial jurisdictions, are a key population-level source of
this information [2]. Birth registration data are based on local adaptations of the US
Standard Certificate of Live Birth, recommended by the National Center for Health Statistics
(NCHS). Beginning in 1989, NCHS added a question to the birth certificate, capturing
prenatal smoking (yes/no) and average daily smoking during pregnancy [3] based on
medical records or physician report, or if those sources were unavailable, the mother’s report
(Fig. 1) [4]. Subsequent studies examining smoking reliability and validity found that the
1989 bhirth certificate consistently underreported smoking prevalence and had moderate
agreement and sensitivity compared with maternal self-report and medical records [5-10].
Factors that may have influenced data quality included perceptions of social stigma,
improper provider documentation and record transfer, and variation in hospital data
collection and entry procedures [10]. For example, a 1998-1999 survey of New Jersey
maternity facilities found that 56 % of hospital staff used prenatal care records to complete
smoking information, 30 % used maternal hospital medical records, and 6 % used parent
worksheets [11]. The smoking question was also criticized for not assessing changes in
smoking behavior during pregnancy [3].

In 2003, NCHS, together with the National Association for Public Health Statistics and
Information Systems (NAPHSIS), established new recommendations for birth registration
systems to improve data quality, including the type and method of smoking information
collected [12]. The revised smoking question captured the daily average cigarettes or packs
smoked at four different times—in the 3 months prior to pregnancy and during each
trimester (Fig. 1). The smoking question was also added to newly-designed maternal
worksheets, which were meant to standardize data collection, specify items that should be
collected directly from the mother, and assist hospital staff with data entry to the birth
certificate. Though adoption of the 2003 recommendations has been gradual, NCHS
estimates that by 2015, all jurisdictions will be using the 2003 birth registration
recommendations, including the revised smoking question and worksheets [13].
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Only one study to date has examined smoking data quality from the revised 2003 birth
certificate. Tong et al. [14] compared birth certificate smoking information with self-
reported smoking on the Pregnancy Risk Assessment Monitoring System (PRAMS) survey,
which is completed 2-6 months post-delivery either by mail or over the phone. The authors
found that the birth certificate captured fewer smokers before and during pregnancy than
PRAMS. Smokers who were privately-insured, non-WIC participants, and smoked <5 daily
cigarettes were more likely to report smoking on PRAMS than the birth certificate.
Although maternal smoking estimates from PRAMS and the revised birth certificate are
both based on maternal self-report, the timing, wording, and method of data collection are
different and may explain the discrepancy in prevalence. It is also possible that the birth
certificate does not accurately reflect the maternal worksheet; however, this has not been
examined. Furthermore, no studies have compared smoking information from the 2003 birth
certificate with prenatal and hospital medical records, one of the traditional smoking data
sources. The objectives of this study are to compare smoking reported on the 2003 birth
certificate to that reported on maternal worksheets and medical records (prenatal and
hospital delivery), and to combined estimates from maternal worksheets and medical
records, in order to see if the combination would pick up the same, or more smokers, than
each measure alone. Since we did not consider self-reported smoking on the worksheet or
medical record to be the gold standard, we report on reliability, and not validity.

The study sample was drawn from New York City (NYC) and Vermont PRAMS
respondents who delivered a live-born infant during 5 and 8 month periods, respectively, in
2009. The methodology for PRAMS sampling and data collection has been described in
more detail elsewhere [15]. NYC’s sample (n = 603) included all PRAMS respondents who
delivered in any of the city’s 41 maternity hospitals from January 1 to June 4, 2009;
Vermont’s sample (n = 664) included all PRAMS respondents who delivered in 13
hospitals, (any of the state’s 12 hospitals or in one New Hampshire hospital near Vermont’s
border), from January 1 to August 31, 2009. PRAMS response rates were 67.3 % in NYC
and 82.8 % in Vermont during the study period.

As part of a project funded by the Centers for Disease Control and Prevention (CDC),
PRAMS survey responses and birth certificate data were linked with data abstracted from
medical records (prenatal, hospital delivery, and infant) and state-specific worksheets [16].
CDC selected NYC and Vermont from a pool of applicants currently implementing PRAMS
and the 2003 birth certificate. CDC project staff and local PRAMS coordinators trained
abstractors in standard data collection methods. Inter-rater reliability was tested by re-
abstracting approximately 25 medical records from each site. Among those 25 records, <3.0
% of variables had errors. Project staff reviewed and resolved these errors with abstractors.
NYC and Vermont Institutional Review Boards determined the project was exempt from
review as each public health agency has the legal authority to review records for
surveillance.
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We combined NYC and Vermont data to provide a larger sample of smokers. Hospital
medical records were located for 100 % of women, but prenatal care records were missing
for 3.7 % of women. We excluded women missing maternal worksheets (n = 188, 14.8 %)
or tobacco use from the birth certificate or maternal worksheet (n = 44, 3.5 %). Missing
maternal worksheets were concentrated in hospitals that did not keep forms for the mandated
length of time (3 years), including nine hospitals in NYC and one in Vermont. Women
missing maternal worksheets or tobacco use information (n = 232) were more likely to have
<12 years education and be non-Hispanic black or Hispanic, unmarried, Medicaid
beneficiaries, and WIC participants than those women with complete records. We conducted
sensitivity analyses to assess the impact of this missing population on reliability.

Smoking Measures

Smoking status on the 2003 birth certificate is designed to come directly from maternal
worksheets, which ask, “How many cigarettes or packs of cigarettes did you smoke on an
average day during each of the following time periods? If you never smoked, enter zero for
each time period (3 months before pregnancy, first 3 months, second 3 months, and third
trimester of pregnancy)”. Women who smoked =1 cigarette daily in the 3 months before
pregnancy were classified as smoking before pregnancy and women who smoked >1
cigarette daily in either the first or second 3 months, or third trimester of pregnancy as
smoking during pregnancy. Medical record abstractors classified women as smokers if there
was any indication of smoking before or during any trimester of pregnancy in the prenatal or
labor and delivery records, and nonsmokers if so indicated in the records or if no indication
of active smoking could be found. Abstractors did not document where in the record
information was found. We created an additional “combined” measure of smoking status
that classified a woman as a smoker if either the maternal worksheet or medical record
indicated any smoking and as a nonsmoker otherwise. Although PRAMS was the sampling
base for the study, we did not include any smoking measures from the survey. Since a
previous study already exists that provides a comparison between PRAMS and the birth
certificate we felt that focusing on the birth certificate, worksheet, and medical record alone
would provide the opportunity to go into more depth.

Statistical Analysis

We calculated the percentage of women smoking before and during pregnancy, comparing
the birth certificate with the maternal worksheet, medical record, and combined measure.
We examined smoking status by maternal characteristics obtained from the birth certificate
including age (15-24, 25-34, =35), education (<12, 12, >12 years), race/ethnicity (non-
Hispanic white or other), marital status (married or other), timing of entry into prenatal care
(first trimester or other), insurance at delivery (Medicaid, private, or other), WIC status (yes,
no), parity (0, 1, or =2 prior births), and infant birth weight (< or 22,500 g). We also
examined smoking status by hospital characteristics from the birth certificate, including
hospital type (private or public), use of an electronic birth registration system (electronic vs.
paper), and volume of births (<or =median number of births in 2009 in each site). We
evaluated differences among categorical variables using Wald Chi Square tests; only
statistically significant characteristics are presented.
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We calculated the overall percentage of agreement between data sources and Cohen’s kappa
coefficient (x), which we classified as slight (0-0.20), fair (0.21-0.40), moderate (0.41-
0.60), substantial (0.61-0.80), or almost perfect agreement (0.81-1.0) [17]. To assess
significant differences in kappa by maternal and hospital characteristics, we used Wald-Chi
Square tests and 95 % confidence intervals (CI). We also examined the number and type of
discordant records across sources to assess the degree to which a source underestimated
smoking. Since our primary goal was to compare smoking prevalence within this sample, we
did not apply PRAMS weights. Thus, our study estimates do not represent NYC or
Vermont’s entire population of women giving birth. We conducted analyses using SAS 9.2
(Cary, North Carolina).

Our sample included 1037 women, 42.6 % (n = 442) from NYC and 57.4 % (n = 595) from
Vermont. Women’s mean age at delivery was 29 years (range 15-44). The majority had >12
years of education (62.4 %), were non-Hispanic white (63.2 %), and married (57.3 %).
Approximately 79.6 % entered prenatal care in the first trimester and 49.6 % had private
insurance. Because NYC and Vermont PRAMS oversamples women with low birth weight
infants, 33.8 % of women had an infant <2,500 grams.

Maternal Worksheet Versus Birth Certificate

The prevalence of smoking before and during pregnancy was 15.2 and 10.7 % on the
maternal worksheet, compared with 13.7 and 10.4 % on the birth certificate (Table 1). The
maternal worksheet captured an additional 18 smokers before pregnancy and 12 smokers
during pregnancy that were not recorded on the birth certificate. The birth certificate
captured 2 smokers before and 9 smokers during pregnancy that had not been recorded on
the maternal worksheet, indicating data collection or entry errors or the use of other data
sources. The observed agreement between the birth certificate and maternal worksheet was
98.1 % before and 98.0 % during pregnancy. Agreement was “almost perfect” before
pregnancy (x =0.92, 95 % CI 0.89, 0.96) and during pregnancy (x = 0.89, 95 % CI 0.85,
0.94) (Table 1). Agreement did not differ by maternal or hospital characteristics.

Medical Record Versus Birth Certificate

The prevalence of smoking before and during pregnancy was 18.1 and 14.1 % on the
medical record, compared with 13.7 and 10.4 % on the birth certificate (Table 2). The
medical record captured an additional 65 smokers before and 48 smokers during pregnancy
that were not recorded on the birth certificate, while the birth certificate captured 19 smokers
before pregnancy and 10 smokers during pregnancy that were not recorded on the medical
record. The observed agreement on smoking status between the birth certificate and medical
records was 91.9 % before and 94.4 % during pregnancy. Based on Cohen’s kappa
coefficient, agreement between the birth certificate and medical record was “substantial” for
smoking before pregnancy (kappa, ¥ = 0.70, 95 % CI 0.63, 0.76) and during pregnancy (x =
0.74, 95 % CI 0.68, 0.80) (Table 2). Agreement for smoking status before pregnancy
differed significantly by education, insurance and parity (Table 3). Agreement was lower
among women with >12 years (x = 0.59) compared with <12 years of education (x = 0.83),
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private insurance (x = 0.46) compared with Medicaid (x = 0.75), and zero (x = 0.60) or 1
prior birth (x = 0.67) compared with =2 births (x = 0.86). Agreement for smoking during
pregnancy did not differ significantly by maternal or hospital characteristics (data not
shown).

Combined Estimate Versus Birth Certificate

The combined estimate of smoking before and during pregnancy based on a positive
response reported on either the medical record or maternal worksheet was 20.5 and 15.0 %,
compared with 13.7 and 10.4 % on the birth certificate (Table 4). Together, the maternal
worksheet and medical record captured an additional 72 smokers before pregnancy and 49
smokers during pregnancy. The birth certificate included only one smoker who was not
captured by either source. Agreement between the birth certificate and combined estimate
was “substantial” for smoking before pregnancy (kx = 0.75, 95 % CI 0.70, 0.81) and during
pregnancy (x =0.78, 95 % CI1 0.73, 0.84). Figure 2 illustrates the gradient of smoking
prevalence between sources. Based on differences in relative proportions, smoking before
and during pregnancy on the birth certificate was 9.9 and 2.8 % lower than the maternal
worksheet, 24.3 and 26.2 % lower than the medical record, and 33.2 and 31.3 % lower than
the combined estimate.

Discussion

Our study had several important findings for users of birth certificate smoking data. First,
we found that NYC and VVermont birth certificates largely agreed with maternal worksheets,
reflecting their intended purpose to aid data entry. However, discrepancies between sources
resulted in 2.8 and 9.9 % fewer smokers before and during pregnancy on the birth
certificate. These discrepancies were not related to hospital characteristics, but may be
driven by individual hospitals or registrars that we were unable to analyze in this study.
Second, we found that birth certificates underestimated smoking by 24.3 % before
pregnancy and 26.2 % during pregnancy compared to medical records. Moreover, the degree
of agreement between birth certificates and medical records varied by maternal
characteristics, with poorer agreement among women who were privately insured, had <1
prior birth and had higher educational attainment. Finally, we found that combined smoking
estimates from either maternal worksheets or medical records captured even greater numbers
of smokers than birth certificates, or each source on its own, suggesting that there are
strengths and limitations to each method of smoking ascertainment.

The magnitude and variation in underreporting on the birth certificate presented in this study
is similar to results from Tong et al. [14] which showed that the birth certificate
underestimated smoking prevalence by roughly 29.1 % before pregnancy and 19.3 % during
pregnancy compared with self-reported measures on the PRAMS survey, particularly among
women with higher socioeconomic status. Higher levels of perceived smoking stigma, which
have been found among those with higher levels of education in a survey of NYC residents,
may reduce the likelihood of disclosure at the time of delivery [18]. Lower perceived risk on
the part of birth registrars and clinicians may also lead to under ascertainment and
underreporting in the medical record. Our findings are also similar to a study of 1993-1995
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birth certificates, which found “substantial” agreement for smoking during pregnancy
compared with medical records (k = 0.77 vs. x = 0.74) [6]. Additional smoking validation
studies from the 1989 birth certificate use different measures of quality, making it difficult
to compare results and determine the impact of revisions to the birth certificate over time [3,
5, 7-9]. Other commonly used information sources of smoking prevalence, such as BRFSS,
are weighted to represent the whole population and do not report NYC-specific information;
therefore they could not be used for comparison.

Researchers utilizing the birth certificate to study pregnancy outcomes related to smoking
should be aware of underreporting and its potential impact on associations. Many have
advocated for a broader recognition of both the strengths and limitations of the birth
certificate for perinatal and obstetric epidemiology [19, 20]. While other sources of
pregnancy smoking data exist, the birth certificate is the only population-based source of
smoking data nationwide, providing information on nearly every live birth in the US.
Moreover, the birth certificate also allows smoking data to be explored together with other
key maternal and infant variables collected. In order to utilize birth certificate data better,
studies have recommended applying a standard misclassification rate to all birth certificate
data or adjusting estimates specifically among populations known for underreporting [8, 21,
22]. Elaboration of these methods and proper documentation of data limitations, particularly
when translated to policy makers and the general public, is important to avoid inaccurate
conclusions [7, 23].

Differences in smoking prevalence estimates between the birth certificate and maternal
worksheet may be driven by data entry or collection errors. During data collection, hospital
staff may supplement or supplant worksheet information with other sources, such as
clinician report, medical records, or observed behaviors. Transcription errors between the
maternal worksheet and birth registration system could also be driving poor reliability, likely
resulting in missed cases, a well-established limitation of single data entry methods [24, 25].
Conversely, systematic data entry errors may be caused by differences in the background,
training, and procedures of hospital staff. For example, recent interviews with one hospital
found that staff were unaware they should be using the maternal worksheet to collect
smoking information [26]. Moreover, in this hospital, mothers were discharged before they
completed the maternal worksheet, making it impossible to collect smoking history from
them; instead, staff relied entirely on prenatal records or labor and delivery notes. Data
collection guidelines or trainings should be implemented to increase knowledge and
standardized use of the maternal worksheet. National projects, including the development of
a national web-based training for hospital staff and a multi-state data quality committee, are
working towards addressing this gap [13].

It is also important to consider which features of the maternal worksheet might affect
smoking prevalence on the birth certificate compared with the medical record. For instance,
the specificity of the question might contribute to nonresponse, compared with more general
questions or categorical responses. Perceptions of the maternal worksheet as a legal
document or the presence of the father or other family members might prevent disclosure. It
is also possible a partner, family member, or hospital employee could complete the maternal
worksheet rather than the mother, without knowledge of her smoking behaviors. Steps to
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improve confidentiality during data collection might result in greater disclosure. In one
study on self-reported smoking quality during pregnancy, the use of computer-assisted
interviewing technology identified 46.1 % more women compared with the birth certificate
[27]. Additional studies are needed to determine whether maternal worksheets can more
accurately capture maternal cigarette use before and during pregnancy or if other tools are
needed.

Finally, our findings suggest that the medical record may be a valuable data source for the
birth certificate, capturing more smokers than the maternal worksheet. Currently, medical
records are used to collect >40 items for birth registration; however, the format, timing of
data collection, and record availability at the time of registration could limit use for smoking
ascertainment [28]. The US Public Health Service recommends that all providers assess and
document tobacco use during prenatal care visits using a 5-option multiple choice question,
which categorizes women as never smoking, quitting prior to or during pregnancy, reducing
cigarette intake, or maintaining the same amount [29, 30]. National efforts to ‘revitalize’
clinical data definitions present in both medical records and the birth certificate are
underway, and could be extended to standardize smoking data collection [31]. Training or
guidance on abstracting and summarizing data from the medical record to the birth
certificate would also be needed. In the future, greater integration between electronic
medical records and electronic birth registration systems could facilitate this process by
directly capturing and populating the birth certificate. A recent study found that smoking
status was available in 90 % of all electronic medical records in a large Minnesota medical
group. Furthermore, smoking prevalence among prenatal care patients was 16 %,
corresponding with Minnesota PRAMS estimates of third trimester smoking prevalence for
the same year (13.6 %) [32, 33]. Electronic medical records may provide more complete and
efficient means of smoking data collection for the birth certificate and should be evaluated
further.

Several study limitations should be noted. First, our sample of smoking mothers was
relatively small, particularly in NYC; thus we were unable to stratify results by location,
hospital, or race/ethnicity, rather we focused on aggregate characteristics that might identify
system level variation. For NYC, smokers per hospital ranged from 1 to 39; and for Vermont
smokers per hospital ranged from 15 to 276. Exploratory analysis of NYC and Vermont
specific data showed consistent patterns of smoking reliability among data sources,
supporting use of a combined sample. Second, PRAMS oversamples mothers with low birth
weight infants (34 % of sample), which could increase the sample smoking prevalence and
bias results. However, smoking prevalence based on the birth certificate was similar for
mothers with a low birth weight infant (14.2 %) to those mothers with a normal weight
infant (13.4 %) and agreement with both the maternal worksheet and medical record did not
vary significantly by these subgroups. Because the sampling weights were not applied as
designed for PRAMS and the larger CDC-study, our data are not representative of the nation
or of the entire NYC and Vermont populations [16]. Third, abstractors did not collect
information on the specific data source used (prenatal or hospital record) or smoking by
trimester of pregnancy, an important addition to the 2003 birth certificate. Therefore, we
were unable to examine differences by these variables. In addition, we may have
misclassified smokers by classifying those with ‘unknown’ behaviors as non-smokers;
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however, only 41 records had ‘unknown’ smoking status, representing 4.0 % of the sample.
Finally, the absence of maternal worksheets in roughly 20 % of the sample led to significant
differences between our analytical sample and overall sample. We believe these differences
were driven by hospital-level variation in record keeping procedures and did not bias results.
Sensitivity analyses showed that agreement improved with the inclusion of this missing
sample; however, the trends in agreement were consistent, supporting our conclusions.

Conclusion

To monitor progress toward achieving the Healthy People 2020 objective to reduce prenatal
smoking and evaluate smoking cessation programs, reliable smoking data are needed [34].
The birth certificate is a valuable data source, capturing information on all US live births.
The 2003 revision of the smoking question and addition of the maternal worksheet were
designed to improve data quality; however, limited evidence exists evaluating the impact of
these changes. Our findings indicate that in NYC and Vermont smoking information from
the birth certificate closely matched the maternal worksheet, with some differences.
However, the birth certificate underestimated smoking before and during pregnancy
compared with medical records. Additional studies are needed to evaluate quality
improvement opportunities, such as facilitating worksheet completion by mothers,
increasing hospital staff knowledge, and improving data entry. In the future, greater
standardization and integration of electronic medical records with birth registration systems
could facilitate data collection. Researchers, program staff and policy makers should be
aware of the limitations of birth certificate smoking data and consider established methods
for adjusting analyses. As data quality improves, future research will be needed to account
for changes in the interpretation of trends.
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1989 US Standard Certificate of Live Birth

Average number of cigarettes per day

2003 US Standard Maternal Worksheet for the Child’s Certificate of Live Birth

37. CIGARETTE SMOKING BEFORE AND DURING PREGNANCY
For each time period, enter either the number of cigarettes or the
number of packs of cigarettes smoked. IF NONE, ENTER “0”.

Average number of cigarettes or packs of cigarettes smoked per day.
# of cigarettes # of packs

Three Months Before Pregnancy OR
First Three Months of Pregnancy OR
Second Three Months of Pregnancy OR
Third Trimester of Pregnancy OR

Fig. 1.
Smoking question on the 1989 US standard certificate of live birth and the revised 2003 US

standard certificate of live birth
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m Before
During
20.0 T
L
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g 15.0 j —
=
<
>
2
A 10.0 - I I —
5.0 —
0.0 T T T
Birth Certificate ~ Mother's Worksheet ~ Medical Record Worksheet or
Medical Record
Fig. 2.

Prevalence estimates and 95 % confidence intervals of smoking before and during
pregnancy on the birth certificate, maternal worksheet, medical record, and combined
estimate (worksheet or medical record) in NYC and Vermont, 2009
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